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diversity of fibrous waste and structures, many technologies must work in concert in an 44 integrated industry in order to increase the rate of recycling [3, 4] . 45
Textiles represent about 3 wt.% of a household bin. At least 50% of the textiles 46 we throw away are recyclable; however, the proportion of textile wastes reused or 47 M A N U S C R I P T
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submitted to a Weibull analysis to find the characteristic strength of the WCS. The 112 results were tabulated against the fibers length and it was possible to find the 113 characteristic strength of the WCS used in the composites, after its morphologic 114 analysis. Then, the modified Kelly and Tyson equation was used to define the interfacial 115 shear strength of the interphase and the orientation factor. 116
Materials and methods

117
Materials
118
The cotton flocks residues, treated with a reactive dye, from textile industry and 119
with not enough length for spinning, were kindly supplied by Fontfilva S. L. (Olot, 120
Girona, Spain). Figure 1 shows the aspect of the provided cotton residue flocks. 121
The polymer matrix used was polypropylene (PP) (Isplen PP090 62M) and was 122 kindly supplied by Repsol-YPF (Tarragona, Spain). In order to improve the 123 compatibility between cotton residues and PP, polypropylene functionalized with 124 maleic anhydre (MAPP) (Epolene G3015), with an acid number of 15 mg KOH/g and 125
Mn of 24800, was used as a coupling agent. This was acquired from Eastman Chemical 126
Products (San Roque, Spain). 127
Sodium hydrosulphite (Na 2 S 2 O 4 ) was used to remove the dyes from the cotton 128 residues and was provided by Sigma Aldrick (Barcelona, Spain). Decalin 129 (Decahydronaphthalene) was acquired from Fischer Scientific (Madrid, Spain) and had 130 190ºC boiling point and 97% purity. This reagent was used to dissolve PP matrix in the 131 fiber extraction from composites. All reactants used for cotton flocks characterization 132 were bought from Scharlau Spain (Barcelona, Spain) and used without further 133 purification. 134
Methods
135
Composite processing 136
The cotton residues were cut down to a nominal length of 1 mm using a blade 137 mill in order to obtain a better dispersion in the composite. Then, PP, MAPP and cotton 138 flocks residues were mixed at different wt./wt. ratios in an intensive melt mixer 139
Brabender Plastograph (Brabender, Duisburg, Germany) at 185 ºC for 10 min, and at 80 140 rpm, in order to ensure to obtain a well-dispersed material. The blends were cut down to 141 pellets with a particle size in the range of 10 mm using a pelletizer equipped with a set 142 of knifes and different grids. The pellets were dried and stored at 80ºC for 24h. AfterM A N U S C R I P T
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that, the composite blends were injection-moulded in a Meteor-40 injection machine 144 (Mateu & Solé, Spain). The machine is equipped with three heating areas working at 145 175, 175 and 190 ºC, the highest temperature corresponding to the nozzle. First and 146 second pressures were 120 and 37.5 Kg.cm -2 , respectively. This process allowed 147 acquisition of specimens for mechanical characterization (ASTM D638). 148
Mechanical characterization 149
Processed materials were placed in a conditioning chamber (Dycometal) at 23ºC 150 and 50% relative humidity during 48 hours, in accordance with ASTM D618, prior to 151 testing. Afterwards, samples were mechanically studied by using a Universal testing 152 machine (instrom TM 1122), fitted with a 5 kN load cell. Tensile specimens were 153 shaped like a dog-bone (of approx. 160x13.3x3.2 mm), according to the ASTM D790 154 standard. Results were obtained from the average of at least 5 samples. 155
Fiber extraction from composites 156
Cotton residues were extracted from composites by matrix solubilisation using a 157
Soxhlet apparatus and Decalin as a solvent. Small pieces of composites were cut and 158 placed inside a specific cellulose filter and set into a Soxhlet equipment. A small cotton 159 tab was used to prevent the fibers from getting out of the filtering tube. The fiber 160 extraction was carried out during 24 hours. Afterwards, fibers were rinsed with acetone 161 and then with distilled water in order to remove the solvent residue. Finally the fibers 162 were dried in an oven at 105 ºC for 24 hours. 163
Determination of the fiber length and fiber diameter 164
Fiber length distribution and fiber diameter of the extracted cotton fibers were 165 characterized by means of a Kajanni analyzer (FS-300). A diluted aqueous suspension 166
(1 wt.% consistency) of fibers was analyzed during 2 to 5 minutes, and the length of the 167 fibers was evaluated considering an amount of individual fibers in the range of 2500 to 168 3000 units. Minimums of two samples were analyzed. The Kajanni analyzer offers 169 complete fiber, fines and shiv morphology characterization, but only the fiber length 170 and fiber diameter distribution were used the present work. 171
The fibers were also measured with a Leica DMR-XA optic microscope with a 172 2µm optical resolution. The degree of polymerisation (DP) of cotton fibers was determined according to 176 UNE 57-039-92. The viscosimetric average molecular weight was calculated from the 177 The cationic demand of cotton fiber was determined using a Mütek PCD 04 181 particle charge detector. First, 0.2 g (dried weight) of cotton fiber was diluted in 15 ml 182 distilled water. Then 25 ml of cationic polymer polydiallyldimethylamonium chloride 183 (polyDADMAC) was added to before fiber solution and it was mixed for 5 minutes 184 with magnetic stirring. After this time the mixture was centrifuged in a Sigma 185
Laborzentrifugen model 6 K 15 for 90 min at 4,000 rpm. Then, 10 ml of the supernatant 186 was taken to the Mütek equipment. Anionic polymer (Pes-Na) was then added to the 187 sample drop by drop with a pipette until the equipment reached 0 mV. The volume of 188 anionic polymer consumed was used to calculate the cationic demand though: 189
190
where CD is the cationic demand (µeq/l), C PD = cationic polymer concentration 191 (g/l), V PD = used volume of cationic polymer (ml), C AP = anionic polymer concentration 192 (g/l), V AP = used volume of anionic polymer (ml) and W S = sample's dry weight (g). 193
Chemical composition 194
Extractives and lignin of cotton fiber residues were determined following TAPPI 195 standard methods, T222 om-88 and T223 cm-84, respectively. Cellulose content was 196 measured according to Wise et al. (1946) . To remove the dye from the cotton flocks, one dry gram of cotton residues was 211 submerged into a hot Sodium hydrosulphite solution (25 wt.%) for two hours. Then, 212 cotton flocks were water rinsed and dried at 50ºC. 213
Results and discussion
214
When hydrophilic natural fibers, as cotton, are used as reinforcement for a 215 hydrophobic matrix, as PP, the use of coupling agents as MAPP is a common practice 216 to obtain good tensile and flexural strength [13] [14] [15] . Consequently, searching the 217 percentage of MAPP against fiber content that renders the best tensile strengths (σ t C ) 218 was the first step proposed by the authors to obtain competitive composite materials. 219 Such MAPP content rendered 94.2 and 28.5% increases of the tensile strength, 232 compared to the matrix and the uncoupled composite, respectively. While the increases 233 against the matrix were found to be significant, the tensile strength of the uncoupled 234 composites was found to be remarkably high [13, 17] . 235
The uncoupled composite materials with 30 and 40 wt.% WCS increased the 236 tensile strength of the matrix a 38.4 and a 51.1%, respectively. Such increases are really 237 significant when compared with other uncoupled cellulosic fiber reinforced composites. 238
A probable cause for such behavior could be due to the dye agents affecting surface 239 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
8 chemical character of the cotton flocks. In that sense, the cationic demand of the dyed 240 cotton residue flocks, expressed in micro-equivalents of polyDACMAC per gram of 241 reinforcement, was estimated at 16.39 µeq. g/g, while the virgin cotton fibers showed a 242 58.7 µeq. g/g demand [18] . The change on the superficial hydrophilicity of the dyed 243 cotton is significant, increasing its hydrophobicity, and consequently increasing its 244 affinity with the PP. The effect is similar to that obtained by diminishing the 245 hydrophilic nature of natural fibers by surface treatment with alkyl ketene dimmer 246 (AKD) [19, 20] . Then, some cotton residue flocks were faded, and their cationic 247 demand was measured to be 48.9 µeq. g/g. Besides, some dyed and faded flocks were 248 suspended in a water/hexane mixture (50/50%). Figure 3 shows the result. 249
It was found that the dyed and the faded cotton flocks had affinity with the 250 organic phase (hexane), and aqueous phase, respectively. Consequently, it was apparent 251 that the dying agents changed the surface character of the cotton fibers, increasing their 252 hydrophobicity, and consequently their affinity with the PP, and thus resulting in 253 comparatively high tensile strengths for the uncoupled composites [21] . The mRoM was used to obtain the value of the intrinsic tensile strengths of the 270 cotton fibers, using the experimental results (Figure 3, Table 1 ), and a 0.2 coupling 271 factor, assuming a high quality interphase in the case of the composites containing a 6% 272 of MAPP. The width of the single fibers was very regular, fiber to fiber, with slight 313 variation between them. The mean diameter of all the evaluated fibers was 17.35 µm. 314
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Then, the fibers were submitted to tensile test. Figure 5 shows the results of the single 315 fiber tests against the gauge length. 316
The intrinsic properties of the Cotton fibers were computed after a Weibull 317 analysis of the single fiber tests experimental results. The Weibull analysis describes the 318 probability of failure of a fiber under stress. The probability of failure under a given 319 stress (σ) is directly linked to the presence of a defect in the fiber surface with the size 320 that allows crack propagation [28] . The failure stress is distributed accordingly to a 321 with the research by Thomason [29] . 335 Figure 6 shows the linearized representation of the probability of failure against 336 the natural logarithm of the measured intrinsic fiber tensile strength. 337 The low value of the Weibull modulus reflects the exhibited wide scatter. The 345 measured mean intrinsic tensile strengths are similar to their respective characteristic 346 strengths. The characteristic strengths also visualize the highest probability of failure for 347 the longest fibers. are very similar to those obtained by using the mRoM while assuming a good 365 interphase. Nonetheless, there are studies that observe notable differences between the 366 intrinsic tensile strengths of the fibers if a re experimentally measured or back-367 computed by using micromechanical models [31] . 
In 
Conclusions
417
A by-product of the textile industry in the shape of waste cotton flocks was used 418 to reinforce polypropylene. This use could inertize such by-product and extend the 419 value chain of the textile industries. 420
It was found that the organic dyes favored the interphase between the cotton 421 flocks and the matrix, as long as their composite materials showed comparatively 422 relevant tensile strength, without any coupling agent. At the same time, it was apparent 423 that the aforementioned dyes affected negatively the action of the coupling agents. 424
The tested cotton flocks presented intrinsic tensile strengths superior to that 425 found in the bibliography. With such strengths, its composites could replace glass fiber-426 based reinforced composites. 427
The intrinsic tensile strengths of the cotton flocks were obtained by single fiber 428 tensile test, and as it is known that the fibers suffer morphologic changes when 429 composed. Thus, it is probable that its intrinsic tensile strength inside the composite is 430 
